Background In order to make a well-considered decision and give informed consent about renal replacement therapy, potential living kidney donors and recipients should have sufficient understanding of the options and risks. Purpose We aimed to explore knowledge about Dialysis & Transplantation (DT) and Living Donation (LD) among prospective living kidney donors and recipients. Methods Eighty-five donors and 81 recipients completed the Rotterdam Renal Replacement Knowledge-Test (R3K-T) 1 day before surgery. The questionnaire was available in various languages. Results Recipients knew significantly more about DT than donors (p<0.001); donors knew more about LD than recipients (p<0.001). A minority of donors (15 %) and recipients (17 %) had a score that was comparable to the knowledge level of the naïve general population. Recipients and donors knew less about DT and LD if their native language was not Dutch. In addition, recipients knew less about DT if they were undergoing pre-emptive transplantation. Conclusions We conclude that recipients and donors retain different information. The decision to undergo living donation appears to be not always based on full knowledge of the risks. We recommend that professionals assess knowledge of prospective donors and recipients during the education process using the R3K-T, and extra attention is required for non-native speakers.
Introduction
Live donor kidney transplantation is the best option for extending and improving the lives of patients with end-stage renal disease (ESRD) [1, 2] . For the living donor, the shortterm medical outcomes are well documented: the overall mortality rate is 0.03 % [3, 4] and the morbidity rate (including minor complications) is <10 % [5] . Two recent studies showed an increased risk of ESRD among living kidney donors on the long term after donation [6, 7] ; however, the majority of studies revealed that donors have a normal life span and an excellent quality of life many years after donation [8] [9] [10] [11] .
Although some have argued that the living donation procedure goes against the medical ethical principle of primum non nocere or Bfirst do no harm^ [12] , it is justified for two reasons. Firstly, the benefits for the donor are a justification, such as an increased quality of life [13] . Secondly, the right to autonomy [14] , which comprises that individuals have the right to determine what they do and what happens to their body.
In order to make a well-considered autonomous decision regarding living kidney donation, it is important that the potential donor is fully informed about the consequences of the donation/transplantation procedure and other renal replacement therapies (RRT) and the decision is consistent with the person's values [15] . In addition, the potential donor should be willing to donate, medically and psychosocially suitable, and free from coercion [16] . These components constitute the Binformed consent^ [16] . For every medical treatment, informed consent is important in order to guarantee a patient's autonomy [17] . Informed consent is particularly important among living donors since the right to autonomy is one of the justifications of this procedure as mentioned above [14] .
However, two studies have shown that some living kidney donors do not completely consider the risks versus the benefits of the donation [18, 19] . Moreover, a retrospective study by Valapour and colleagues [20] revealed that a substantial percentage of donors reported after donation that they had not completely understood the psychological, financial, and long-term medical risks of donation at the time of their surgery. What is yet unknown is the actual level of knowledge on dialysis, transplantation, and living donation among prospective living kidney donors at the time of the donation and the factors that are associated with their knowledge. This question is relevant to examine whether professionals should make extra efforts (in particular cases) to ensure that the prospective donor makes a wellinformed decision.
Like potential donors, patients with ESRD need appropriate knowledge about dialysis, transplantation, and living donation to make a fully informed treatment decision [21] . Therefore, we also investigated the knowledge level of prospective recipients. This examination is also relevant as a lack of knowledge among ESRD patients is probably related to concerns regarding living donation [22] and a barrier to pursuing live donor kidney transplantation [23] [24] [25] . In reaction to this, various educational interventions have been developed to increase knowledge and indirectly to promote live donor kidney transplantations [23] . Insight into the current gaps in recipients' knowledge and the factors that are associated with knowledge are relevant for improving such interventions.
In the present study, we explored the level of knowledge about dialysis, transplantation, and living donation among prospective living kidney donors and recipients using the Rotterdam Renal Replacement Knowledge-Test (R3K-T): [26] [27] [28] at a moment in time when they should be fully informed yet still be unbiased by the experience. Our aim was to examine whether there were gaps in knowledge among prospective donors and recipients. We also aimed to examine whether knowledge differed between donors and recipients and the sociodemographic and medical factors that are associated with knowledge.
Materials and Methods

Participants and Procedure
In our center, all donors and recipients have consultations with a nephrologist, a nurse practitioner, a transplant coordinator, and a social worker, in which written and verbal information about the donation/transplantation process and accompanying risks and consequences is provided. The written information is provided in the native language of the donor/ recipient when possible. Subsequently, the prospective donors and recipients sign an informed consent form for the donation/transplantation procedure.
Between 19 April 2011 and 28 February 2012, all prospective living kidney donors and living donor kidney recipients who were hospitalized for living donation or transplantation at Erasmus Medical Center in Rotterdam were invited to participate in this study on the day of admission into the hospital (1 day before donation/transplantation). The participants were informed about the study and were asked to complete a written questionnaire in their native language (see below). Under Dutch law, simple questionnaire-based investigations do not need approval of a medical ethical committee.
In addition, we used data from Ismail et al. [26] consisting of R3K-T scores of a representative sample from the general Dutch population (n=515) that completed the questionnaire in an online survey. For more details about this sample see Ismail et al. [26] .
Measurements
Sociodemographic Characteristics
The following sociodemographic characteristics were obtained from medical records: age, gender, marital status, employment status, highest level of education completed, native country, native language, religious affiliation, and registration in the Dutch organ donation register. Finally, we assessed cohabitation by asking if the donor and recipient lived in the same house (yes/no). Co-habitation was included as indicator for the closeness of the relationship between donor and recipient that could influence the knowledge level of the participants. See Table 1 for details.
Knowledge Level
The Rotterdam Renal Replacement Knowledge-Test (R3K-T: [26] [27] [28] ) was used to measure knowledge about dialysis, transplantation, and living donation. The items of the questionnaire were based on literature as well as on contributions of experts and patients who were involved during the item generation process [26] . The questionnaire consists of 21 items and takes 10-15 min to complete. The scale comprises two subscales: the first subscale is dialysis and transplantation (DT) and consists of 11 items, and the second subscale is living donation (LD) and consists of 10 items. The test is available in nine languages: Dutch, English, French, Spanish, Arabic, Turkish, Papiamento, Portuguese, and Modern Hindi, which are the most commonly spoken languages in the Rotterdam region. In cases of doubt about an answer, the participants were asked to answer with BI do not know^; this was scored as an incorrect answer. Correct answers were assigned a score of one and summed per subscale. The scores on the subscales were summed to calculate a total score. The R3K-T has been validated in 187 patients on dialysis, 82 patients who were undergoing live donor kidney transplantation the following day, and the Dutch (n=515) and American general population (n=550) [26] . In the present study, we explored the knowledge of the same population of 82 patients who were undergoing live donor kidney transplantation the following day with their associated living donors. We excluded one recipient of this population for our analysis, because this person did not meet our criterion of completion of 70 % of the questionnaire.
Medical Factors
Medical factors that are indicators of experience with ESRD and RRT were obtained from the recipients' medical records: whether the cause of kidney failure was an inherited disease (yes/ no), whether the patient was on dialysis prior to transplantation (yes/no), and whether this transplantation was the first transplantation or a re-transplantation. Transplantation without previous dialysis is called Bpre-emptive transplantation^. See Table 1 for details.
Statistical Analyses
Firstly, we examined whether sociodemographic characteristics differed between participants versus non-participants (donors and recipients who refused to participate or were not approached due to logistical issues) using independent t tests for continuous data and chi-square tests for categorical data.
Secondly, to examine whether there were gaps in knowledge among prospective living kidney donors and recipients, their scores were compared with knowledge scores of the general Dutch (naïve) population. Boxplots were made for the three groups on the two subscales. Then, we examined how many donors and recipients had scores that resemble the knowledge of the naïve population better than the knowledge of their own population. We classified the scores of donors and recipients using cutoff points as calculated by the cformula of Jacobson and Truax [29] . We calculated the cutoff point for the donor population using the means and standard deviations of the donor population and the naïve population on the R3K-T, resulting in a cutoff point c=12. If a donor has a R3K-T score lower than 12, his/her knowledge level is more comparable with the knowledge level of the naïve population rather than the donor population. Cutoff points for the recipient population reported by Ismail et al. [26] were used for the recipients: the cutoff point between the naïve population and dialysis patients is c=11, the cutoff point between dialysis patients and the recipient population is c=14.
Thirdly, to investigate which items were not well understood by the donors and recipients, we calculated the percentages of the donors and recipients who answered the question incorrectly or did not know the answer.
Finally, we conducted a multivariate analysis of variance (MANOVA) to examine whether recipients and donors had different knowledge levels on the two subscales, and to examine whether sociodemographic variables and medical factors were associated with the scores on the two subscales. Before conducting the MANOVA, three steps were taken. In the first step, we screened the donors' and recipients' knowledge scores for outliers on the total score: z-score >3.29 [30] . In the second step, the scores were reversed and subsequently transformed using a square root transformation, as the donors' and recipients' knowledge scores were not normally distributed. We note that all data reported in this article is transformed back and can be interpreted as the original scores. The final step were univariate analyses (Pearson's correlations for the continuous variables and independent t tests for the categorical variables) to select the covariates that had a potential relationship with knowledge on DT and LD (p<0.10). In a primary analysis, a MANOVA was conducted with knowledge on DT and LD as dependent variables, and the group factor (donors vs. recipient) as well as the selected sociodemographic variables as independent variables. In a secondary analysis among recipients only, the selected medical factors were added as covariates. Significant covariates in the MANOVA were followed up using univariate ANOVA's.
Results
Participants
Between 19 April 2011 and 28 February 2012, 115 living kidney donors and 115 living donor kidney recipients were hospitalized for living donation or transplantation. Two recipients were children and were excluded from this study. One recipient was re-transplanted within the research period and was only approached for participation at the first transplantation. Due to logistical issues such as last minute changes in theater planning, we were unable to collect data from 25 recipients and 22 donors. Seven donors refused participation: three donors gave no reason and four donors reported that they were too strained because of their hospitalization. This last reason was also mentioned by five recipients who refused participation. One recipient and one donor completed less than 70 % of the questionnaire (15 items or less) and were excluded from the analyses. Consequently, 81 living donor kidney recipients and 85 living kidney donors were studied. Table 1 shows the sociodemographic characteristics and medical factors of the 81 prospective living donor kidney recipients and the 85 living kidney donors who participated in this study. Most recipients were male, and over half of the donors were female. Over half of the recipients and donors were married or living together, were well educated, had been born in the Netherlands, had Dutch as their native language, had a religious affiliation, and were not registered in the Dutch organ donation register. Over half of the donors and recipients did not live in the same house. Non-inherited diseases were the most common cause of kidney failure. Most recipients were on dialysis before their transplantation and were about to undergo primary transplantation. Table 1 also shows the sociodemographic and medical characteristics of the non-participants and a comparison of these characteristics with the participants' characteristics. Recipients and donors who participated in this study did not differ from recipients and donors who did not participate on all sociodemographic characteristics and medical factors. We concluded that our study population was a representative sample of the donor and recipient population at Erasmus Medical Center.
Sociodemographic and Medical Characteristics
The participants completed the questionnaire in their own language: one donor completed the questionnaire in English and one recipient in Turkish, the remaining participants completed the questionnaire in Dutch.
Gaps in Knowledge
The boxplots for the knowledge scores of the recipients, donors, and the general population (Fig. 1) confirm our finding that donors and recipients differed on their knowledge level. In addition, the boxplots make clear that within the three groups, participants varied widely in their knowledge, except for donors' scores on LD.
Thirteen of the 85 donors (15.3 %) had a total score lower than 12, the cutoff point between the naïve population and the donor population. That means that 15.3 % of the donors had a score that is comparable with the knowledge level of the naïve population. Fourteen of the 81 recipients (17.3 %) had a total score lower than 11, the cutoff point between the naïve population and the dialysis patient population. That means that 17.3 % of the recipients had a score that is comparable with the knowledge level of the naïve population rather than that of the patient populations. Nine of the 81 recipients (11.1 %) had a total score between 11 (the cutoff point between the naïve population and the dialysis patient population) and 14 (the cutoff point between the dialysis patient population and Fig.1 The boxplots for the knowledge scores of the recipients, donors, and the general population the recipient population). That means that 11.1 % of the recipients had a score that resembles the knowledge of the dialysis patient population better than the knowledge of the recipient or the naïve population. Tables 2 and 3 show the percentages of donors and recipients who answered the items incorrectly or did not know the answer. The percentages reveal that donors scored the lowest on items relating to peritoneal dialysis. Recipients scored the lowest on items relating to the health consequences of donation for donors. A substantial minority of donors and recipients answered items concerning the consequences of living kidney donation incorrectly or did not know the answer (item 12-17).
MANOVA's
Primary Analysis
The donors' and recipients' scores were screened for outliers on the total score, and one donor was deleted. The following sociodemographic variables had a potential relationship with knowledge on DT and LD and were entered into the MANOVA (p<0.10): group, marital status, employment status, religious affiliation, and native language. Using the Pillai's trace, there was a significant group effect on knowledge, V=0.30, F(2,151)=31.85, p<0.001. There was also a significant association between native language and knowledge on DT and LD, V = 0.04, F(2,151) = 3.14, p<0.05. Marital status, employment status, and religious affiliation were not related to knowledge on DT and LD. Univariate ANOVA's showed that donors and recipients differed on both subscales (see Table 4 ): recipients knew more about DT than donors (F(1,152)=24.03, p<0.001) and donors more about LD than recipients (F(1,152)=19.32, p<0.001 ). Univariate ANOVA's also showed that participants whose native language was Dutch knew more about DT than participants whose native language was not Dutch (F(1,152) = 4 .01, p<0.05). The same effect was found on knowledge about LD (F(1,152)=4.36, p<0.05) .
A sensitivity analysis with the outlier included in the MANOVA revealed the same results. The MANOVA was also repeated with interactions between Bgroup^and the remaining covariates as independent variables to examine whether the effects differed across donors and recipients; however, none of these covariates were significant.
Secondary Analysis
Only the medical factor Bpre-emptive transplantation^had a potential relationship with knowledge and was added into the MANOVA (p<0.10). In the MANOVA, pre-emptive transplantation was also associated with knowledge, V=0.25, F(2,72)=11.95, p<0.001. Univariate ANOVA's showed that this relationship was only significant for knowledge about DT Table 5 ). However, as the univariate ANOVA of DT violated the homogeneity of variance assumption, the test was repeated with a Welch's test and showed the same results, F(1, 53.61)=6.69, p<0.05. The relationship found included that recipients knew less about DT is they were undergoing preemptive transplantation. We note that the relationship between knowledge and native language was not significant in this MANOVA, V=0.05, F(2,72)=1.76, p=0.18.
Discussion
The results of the present study give insight into how informed prospective living kidney donors and living donor kidney recipients are when they completed the informed consent procedure. We found that a number of donors and recipients did not retain all the information they were given as they had incomplete knowledge about dialysis, transplantation, and living donation at the time of their surgery. Furthermore, donors and recipients retained different information: recipients knew significantly more about dialysis and transplantation than donors, and donors knew significantly more about living donation than recipients. Finally, recipients and donors knew less about DT and LD if their native language was not Dutch and recipients knew less about DT if they were undergoing preemptive transplantation. It appears that, even though prospective living kidney donors and recipients are informed and go through the donation process together, they retain different information. This might stem from selective attention for personally relevant information during information gathering. Psychological research has shown that selective attention for personally relevant information strengthens the encoding and retrieval of this information [31] .
In addition, we found that 15 % of the donors and 17 % of the recipients had a score that resembles the knowledge of the naïve general population better than their own population, i.e., they had a significantly lower knowledge level than one would expect. Moreover, we found that a substantial minority of donors and recipients lacked knowledge about the risks of living donation (items [12] [13] [14] [15] [16] [17] . Results consistent with these findings were found among living liver donors [32] . Valapour and colleagues found in a retrospective study that living kidney donors reported after donation that they lacked knowledge about the risks of donation if they were asked how informed they were at the time of their surgery [20] ; however, subsequent experiences could have biased their answers. We found consistent results using an objective measure and at a moment in time when donors are still unbiased by the experience, and subsequently, we add that this is also the case for prospective recipients. Valapour and colleagues [20] concluded that the motivation of potential living kidney donors for donating their kidney is based mostly on a Bwish to help^ [18] rather than on their understanding of the risks and benefits of donation [20, 33, 34] . A study by Papachristou and colleagues [19] revealed consistent motivations for donation among prospective living liver donors, and also found that a proportion of donors avoided later reconsideration or confrontation with donationrelated issues. These studies indicate that the motivations of prospective living kidney donors may lie more in emotional considerations than in rational ones which may influence information retention. It is also possible that some recipients avoid confrontation with donation-related issues. We speculate that this could be the consequence of an avoidant coping style of prospective recipients who have some difficulties in accepting a kidney from their potential donor [35] . These findings raise the question of the potential consequences of a lack of knowledge about the risks of donation/ transplantation. Accurate knowledge about a prospective event contributes to realistic expectations and may prevent potential disappointment [36] . Johnson et al. [9] found some indication for this relationship among living kidney donors by showing that donors who experienced the least amount of stress reported that they were well informed and knew what to expect before and after donation. Whether incomplete objective knowledge about the consequences of the donation/ transplantation contributes to disappointment and/or stress after donation/transplantation among donors and recipients, needs further research.
Our results show that donors' and recipients' knowledge levels were particularly lower if their native language was not Dutch and therefore deviated from the professional's native language. This result is probably not the consequence of linguistic barriers, as most participants in our study speak the Dutch language fluently: only one donor and one recipient completed the R3K-T in another language than Dutch. It is possible that cultural factors played a role. A review by Schouten et al. [37] showed that if doctors and patients have different cultural and ethnic backgrounds, doctors interact less affectively with the patient and the patients are less assertive and affective during the medical consultations than in case of equal backgrounds. This phenomenon could be the consequence of factors like differences in beliefs about illness and values across cultures, e.g., the perceived appropriateness to talk about illness and ask questions. It is possible that difficulties in the doctor-patient communication contributed to lower knowledge among ethnic minorities in our study; however, this requires further research. As earlier studies also revealed that patients from ethnic minorities are less likely to pursue with live donor kidney transplantation [38] , our findings highlight that even if these patients proceed with live donor kidney transplantation, extra care must be taken to ensure full comprehension of information that forms the basis of informed consent. We recommend that if the donor's or recipient's native language deviates from the professional's native language regardless of speaking a common language, extra efforts should be made to ensure that they understand the information they are given and professionals should be sensitive for the potential influence of cultural differences during medical consultations.
A striking result of this study is that native language was associated with knowledge in the primary analysis with donors and recipients included, but not in the secondary analysis with only recipients and the covariate Bpre-emptive transplantation^included. As we found no difference between donors and recipients in the association between native language and knowledge, we conclude that Bpre-emptive transplantation^is probably more strongly associated with knowledge about DT than native language. Although this study has several strengths, a number of limitations have to be noted. Firstly, knowledge was measured on the day of admission into the hospital, which is a stressful day for some donors and recipients. Possibly a number of participants experienced stress at the time of completing the questionnaire that influenced the recall of knowledge; however, this requires further research. Secondly, as the education process of potential living kidney donors may differ across transplant centers and countries, our findings may not be generalizable to other settings and requires similar research in other countries.
A practical contribution of the present study is the norm scores of actual donors on the R3K-T. The boxplots and cutoff points can be used to determine how a donor scored relative to other donors, recipients, or a naïve population. These insights can be used to determine whether a potential donor or recipient needs extra education. The questionnaire could also be used to examine whether knowledge of potential donors who decided not to donate differ from knowledge of actual donors. The results of such studies could clarify whether a lack of knowledge is a barrier to pursuing living kidney donation, which has been found among potential recipients of live donor kidney transplantation [23] .
In conclusion, potential living kidney donors and living donor kidney recipients retain different information during the information process of living donation/transplantation. The decision to undergo living donation/ transplantation appears to be not always based on full knowledge of the risks. We recommend that professionals assess knowledge and information needs of prospective donors and recipients using the R3K-T in order to tailor educational efforts to the informational needs of these individuals, and extra attention is required for non-native speakers.
